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Background: 



Neuropathic pain is generally defined as a chronic pain state resulting from peripheral and/or central nerve 
injury. There is a lack of effective treatment for neuropathic pain, which may possibly be related to poor 
understanding of pathological mechanisms at the molecular level. Curcumin, a therapeutic herbal extract, has 
shown to be effectively capable of reducing chronic pain induced by peripheral administration of inflammatory 
agents such as formalin. In this study, we aimed to show the effect of curcumin on pain behavior and serum 
COX-2 level in a Chronic Constriction Injury (CCI) model of neuropathic pain. 



Wistar male rats (150-200 g, n = 8) were divided into three groups: CCI vehicle-treated, sham-operated, 
and CCI drug-treated group. Curcumin (12.5, 25, 50 mg/kg, IP) was injected 24 h before surgery and continued 
daily for 7 days post-surgery. Behavioral tests were performed once before and following the days 1, 3, 5, 7 
after surgery. The serum COX-2 level was measured on day 7 after the surgery. 



Curcurnin (50 mg/kg) decreased mechanical and cold allodynia (P < 0.001) and produced a decline in serum 
COX-2 level (P < 0.001). 



A considerable decline in pain behavior and serum COX-2 levels was seen in rat following administration 
of curcumin in CCI model of neuropathic pain. High concentration of Curcumin was able to reduce the chronic 
neuropathic pain induced by CCI model and the serum level of COX-2. (Korean J Pain 2014; 27: 246-252) 
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INTRODUCTION 



Neuropathic pain can be produced as a result of dam- 
age to the peripheral or central nervous system. Allodynia 
(pain evoked by normally non-noxious stimuli), and hyper- 
algesia (an increased response to a noxious stimuli) are 
routinely observed in human neuropathic pain conditions 
as well as in relevant animal models [1], and are often re- 
sistant to the analgesics and interventional therapeutic 
methods [2-4]. Many drugs have been tried to reduce neu- 
ropathic pain, but since the underlying mechanisms are 
multiple and complex, therefore treatment and manage- 
ment of this distressing condition requires the use of more 
than one type of medication [5]. In the recent years, the 
development of highly targeted biological and synthetic 
therapies is in progress, although some produce serious 
side effects. On the other hand, for thousands of years 
humankind has used certain plants as therapeutic and pain 
relieving agents. Even in recent years, a renewed public 
interest in complementary therapies is rose, which include 
natural treatments with minimal toxicity and diets related 
to health and disease [6]. 

Curcumin is a yellow phenolic pigment, and a con- 
stituent of the spice turmeric, which is one of the principal 
ingredients in curry powder. Several clinical trials have 
found curcumin to have a notable anti-inflammatory and 
analgesic properties [7,8]. Likewise, the efficacy of curcu- 
min in attenuation of diabetic neuropathic pain and for- 
malin-induced nociceptive behavior has been demon- 
strated in previous studies [7,9,10]. Safety evaluation stud- 
ies indicate that curcumin can be used at high doses with- 
out any toxic effects [10,11]. 

Cyclooxygenase is an enzyme that catalyzes the con- 
version of arachidonic acid to prostaglandins (PGs), which 
are the key mediators of exaggerated pain sensation 
[12-14]. Therefore, PGs have possibly an important role in 
induction of neuropathic pain. Non steroidal anti-in- 
flammatory drugs (NSAIDs) are strong cyclooxygenase in- 
hibitors, which are used in the management of chronic, in- 
flammatory and postoperative pains [15]. However, they 
have serious side effects (gastro-intestinal complications, 
and at intense levels, hepatotoxicity and nephrotoxicity) 
[16-18], which make them not very safe choices for long 
time managements of the chronic pain. 

Recent studies have shown that curcumin acts mainly 
by inhibiting the cyclooxygenase 2 pathway. Curcumin has 



also antirheumatic and antiarthritic effects, which are 
most likely through down regulation of cyclooxygenase 2, 
tumor necrosis factor (TNF), and other inflammatory cyto- 
kines [19,20]. 

Based on data supporting the analgesic and anti-in- 
flammatory effects of curcumin in different animal models 
of inflammatory pain and regarding to its inhibitory effect 
on cyclooxygenase enzyme, the aim of the present study 
was to evaluate the effects of curcumin on pain behavior 
and serum cyclooxygenase 2 level in rat Chronic Constric- 
tion Injury (CCI) model of neuropathic pain. 



MATERIALS AND METHODS 



1. Animals 

Wistar male rats, (weight 150-200 g, n = 8) were 
housed one per cage and placed under 12 hour light/dark 
cycle in a room with controlled temperature (22 ± 1°C). 
Animals had free access to food and water. All experi- 
ments followed the International Association for the Study 
of Pain (IASP) guidelines on ethical standards for inves- 
tigation of experimental pain in animals [21]. 

2. Surgery 

The CCI model of neuropathic pain [22] was used to 
induce sciatic nerve injury. The surgical procedure was 
performed under ketamine (60 mg/kg) and xylazine (10 
mg/kg) anesthesia. The left sciatic nerve was exposed and 
4 loose chromic gut ligatures were placed around the nerve 
proximal to the trifurcation. The distance between two ad- 
jacent ligatures was 1 mm. The wound was irrigated with 
normal saline (0.9%) and closed in two layers with 4-0 silk 
sutures (fascial plane) and surgical skin staples. In 
sham-operated group, rats underwent the same surgical 
procedure except for the ligation. 

3. Drug preparation 

Curcumin (Sigma, U.S. A) was suspended in ethyloleate 
as vehicle in the form of suspension, ketamine hydro- 
chloride (Sigma, U.S. A) and xylazine hydrochloride (Sigma, 
U.S. A) were used for anesthesia. All drugs were injected 
by the intra -peritoneal (IP) route. 

4. Experimental design 

Animals were divided randomly into three experimental 
groups: 1- CCI vehicle-treated, 2- Sham-operated, 3- 
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CCI curcumin- treated. Curcumin 12.5, 25 and 50 mg/kg 
were injected intra -peritonealy [10], 24 hours before liga- 
tion continued daily to day 7 post-ligation. All behavioral 
tests were performed and recorded on days 0 (control day) 
before ligation and 1, 3, 5, 7 after ligation. The experiment 
was starting with mechanical test and terminating with 
cold allodynia. The time between two tests was 30 minutes. 
On the day 7 after the surgery and termination of the ex- 
periments, rats were euthanized by CO2 asphyxiation, rap- 
idly guillotined and the blood was collected for serum eval- 
uation of cyclooxygenase 2. 

5. Behavioral tests 

Animals were allowed one week for housing habituation 
before starting the experiments. Behavioral studies were 
performed in a quiet room between the hours 9:00 and 
11:00 AM. Efforts were made to limit animal distress and 
use of the minimum number of animals necessary to ach- 
ieve statistical significance. Animals were acclimated to the 
testing chambers 30 min before testing. The sensory area 
of the sciatic nerve (mid-plantar hind paw) was tested for 
sensitivity to innocuous stimuli. 

1) Mechanical allodynia: Mechanical sensitivity to 
non-noxious stimuli (allodynia) was measured by von Frey 
filaments. A set of calibrated nylon monofilaments 
(Stoelting, Wood Dale, Illinois, U.S. A) were used to assess 
the sensitivity of the skin to tactile stimulation. Rat was 
placed under a transparent plexiglass cage (Daj, Tehran, 
Iran), elevated by a metal screen surface with 1 cm mesh 
openings. Von Frey filaments were applied with increasing 
strengths (2-60 g) consecutively to the plantar surface of 
the left hind paw of the animal. The minimum paw with- 
drawal threshold (PWT) was defined as the minimum gram 
strength producing two sequential responses at 3 min in- 
tervals (withdrawal from pressure) [23]. 

2) Cold allodynia: We used acetone test as a model of 
"cold allodynia". In this method, rats were placed under a 
transparent plexiglass cage as described previously and 
the heel of his paw was touched with an acetone bubble 
(formed at the end of a piece of small polyethylene tubing, 
connected to a syringe). This test was applied 5 times with 
one minute intervals. The response was calculated as the 
percent of paw withdrawal frequency (%PWF) using the 
following equation: (Number of paw withdrawals/5 trials) 
X100 [23]. 



6. Cyclooxygenase 2 protein analysis by ELISA 

Serum cyclooxygenase 2 level was measured by solid 
phase sandwich ELISA kit specified for cyclooxygenase 2 
protein (Cusabio, Biotech, wuhan, Hubei, China) with a 
lower detection limit of 0.4 ng/ml. Blood sample of differ- 
ent groups was centrifuged at 2500 rpm/20 min and the 
serum was collected and frozen at -70oC. The analysis of 
cyclooxygenase 2 protein expression was done according 
to the manufacturer's instruction, using an antibody spe- 
cific for rat cyclooxygenase 2 coated onto the wells of the 
microtiter strips provided, a biotinylated antibody specific 
for rat cyclooxygenase 2, and Streptavidin-Peroxidase 
(enzyme) to bind to the biotinylated antibody to complete 
the fourth member sandwich. The plates are then read by 
a microplate reader at 450 nm. The cyclooxygenase 2 pro- 
tein concentration was obtained from a standard curve 
(Fig. 1). 

7. Statistical analysis 

Parametric data was analyzed for significance, using 
Analysis of Variance (ANOVA) followed by a post-hoc 
Tukey's test. Non parametric data was analyzed using two 
related samples by Wilcoxon test. In all cases P < 0.05 
was considered significant. 



RESULTS 



1. Response to mechanical allodynia 

In response to von Frey test, all CCI vehicle-treated 
animals showed pain behavior on the third day after liga — 



Serum COX-2 standard curve 




y = 0.000725x + 0.030583 
R 2 = 0.780501 
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Fig. 1 . COX-2 Standard Calibration Curve for serum 
evaluation of COX-2 in different groups of animals. 
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Fig. 2. Paw withdrawal threshold in response to von Frey 
filaments before and at several time points after surgery in 
CCI vehicle-treated, sham-operated and CCI curcumin 
treated-groups. Curcumin (12.5, 25 and 50 mg/kg) was 
injected i.p. Data are presented as means ± S.E.M. of 8 
rats in each group. Asterisks (**P < 0.01; ***P < 0.001) 
for CCI vehicle-treated group ( + + t P < 0.01; t + + P < 
0.001), for curcumin 25 mg/kg treated group and ( ## P < 
0.01; ### P < 0.001) for curcumin 12.5 mg/kg treated 
group, indicate a statistically significant difference when 
compared to day 0 paw withdrawal latency value. 
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Fig. 3. The frequency of paw withdrawal in response to 
acetone before and at several time points after surgery in 
CCI vehicle-treated, sham-operated and CCI curcumin 
treated-groups. Curcumin (12.5, 25 and 50 mg/kg) was 
injected i.p. Data are presented as means ± S.E.M. of 8 
rats in each group. Asterisks (**P < 0.01 ; ***P < 0.001 ) 
for CCI vehicle-treated group ( ++ P < 0.01; + + + P < 
0.001), for curcumin 25 mg/kg treated group and ( ### P < 
0.001) for curcumin 12.5 mg/kg treated group, indicate a 
statistically significant difference when compared to day 0 
paw withdrawal frequency value. 



tion compared to day 0 (P < 0.01), this effect was re- 
mained until the end of the study (P < 0.001). On the 
contrary, sham-operated animals and curcumin (50 
mg/kg) treated rats did not produce any significant paw 
withdrawal reaction during the experimental days com- 
pared to day 0. However, allodynia was produced in curcu- 
min (12.5 and 25 mg/kg) treated rats when compared to 
day 0 (P < 0.01, P < 0.001) (Fig. 2). 

2. Response to cold allodynia 

In CCI vehicle-treated rats, a significant difference in 
pain behavior (P < 0.01) was seen on the first day 
post-injury compared to day 0, which continued until the 
end of the study (P < 0.001). However, cold allodynia was 
not observed in any of post-ligation days in sham-oper- 
ated group. In CCI curcumin-treated group, allodynic ef- 
fect was significantly reduced only by using 50 mg/kg cur- 
cumin (P < 0.001) (Fig. 3). 

3. Cyclooxygenase 2 protein analysis 

Protein analysis by ELISA revealed a reduction in se- 
rum cyclooxygenase 2 level in the presence of curcumin. 
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Fig. 4. Serum concentration of COX-2 in CCI vehicle- 
treated, sham-operated and CCI curcumintreated rats on 
day 7 post-ligation. Data are presented as means ± S.E.M. 
of 8 rats in each group. Asterisks (***P < 0.001) indicate 
a statistically significant difference when compared to CCI 
vehicle-treated rats. Cur 12.5 = curcumin 12.5 mg/kg, Cur 
25 = curcumin 25 mg/kg, Cur 50 = curcumin 50 mg/kg. 
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Curcumin 50 mg/kg {P < 0.001) but not 25 and 12.5 
mg/kg, attenuated the serum concentration of cyclo- 
oxygenase 2 compared to CCI vehicle-treated animals. In 
sham-operated animals there was no increase in serum 
cyclooxygenase 2 level (P < 0.001) compared to CCI ve- 
hicle-treated animals (Fig. 4). 



DISCUSSION 



In this study we investigated the analgesic effects of 
curcumin on CCI model of neuropathic pain and in relation 
to that, the serum level of cyclooxygenase 2 enzyme was 
measured, during the experimental period no overt signs 
of sedation were observed in any of the animals dosed with 
curcumin. CCI model of nerve injury has an inflammatory 
and a nerve injury component, which mimics the type of 
neuropathic pain found in human [22]. The peripheral no- 
ciceptor is an important target of pain therapy because 
many pathological conditions such as inflammation excite 
and sensitize peripheral nociceptors [24]. Acute and 
chronic peripheral inflammation, interleukins and spinal 
cord injury increase the expression of cyclooxygenase 2 
and release of PGE2 and PGI2. The spinal cord is one of 
the sites where non-steroidal anti-inflammatory drugs 
(NSAIDs) act to produce analgesia. Expression of cyclo- 
oxygenase 1 and cyclooxygenase 2 in the spinal cord and 
primary afferents suggests that NSAIDs act by inhibiting 
the synthesis of PGs. However adverse reactions compli- 
cate therapy with NSAIDs. A large number of studies have 
revealed that curcumin has wide therapeutic actions. The 
most interesting feature of curcumin is lack of gastro- 
intestinal side effects despite being an anti-inflammatory 
agent [25]. Curcumin may be considered as a natural al- 
ternative to non-steroidal agents for the treatment of in- 
flammatory pain [26]. 

In our study, we demonstrated the effective reduction 
of mechanical and cold allodynic pain behaviors in CCI 
model of neuropathic pain in rat treated by curcumin. 
These findings are consistent with the previous studies 
showing the ability of curcumin to reduce pain behavior 
[27]. Evidence has shown the antihyperalgesic effect of 
curcumin on inflammatory and neuropathic pain. Curcumin 
significantly attenuated mechanical allodynia and success- 
fully prevented the development of neuropathic pain [28]. 
In another study, chronic treatment with curcumin sig- 
nificantly reversed thermal hyperalgesia and cold allodynia 



in sciatic nerve ligated animals, indicating its therapeutic 
potentials against neuropathic pain [29,30]. Moreover, it 
is well established that the anti inflammatory activity 
might be one of the underlying mechanisms for this effect 
[31,32]. In a mouse model of diabetic neuropathic pain, us- 
ing tail immersion and hot plate assays, curcumin pro- 
duced antinociceptive effect to hyperalgesic pain [33]. It is 
also assumed that curcumin plays a defensive role in alle- 
viating the formalin-induced nociceptive behavior [7]. 
Accordingly, the effectiveness of curcumin in formalin test 
model has been reported, in which intraperitoneal admin- 
istration of curcumin decreased both acute and tonic 
phases of formalin test [10]. 

The medicinal properties of curcumin could be medi- 
ated by numerous molecular targets. The anti in- 
flammatory activity of curcumin is mainly due to inhibition 
of arachidonic acid metabolism, cyclooxygenase, Lipoo- 
xygenase, cytokines (Interleukins and Tumor necrosis fac- 
tor) and inducible nitric oxide synthase (iNOS) most likely 
through the down regulation of NF-kB activation, which 
is involved in regulation of cyclooxygenase 2 expression 
[19,25,34,35]. 

The inducible cyclooxygenase 2 is an important en- 
zyme that mediates inflammatory responses. Following 
nociceptive stimulation, PGs are released at the site of in- 
jury and in the dorsal horn of the spinal cord and stimulate 
the "sleeping" nociceptors, which are associated with the 
induction of hyperalgesia and allodynia [36]. It has been 
shown that direct administration of PGs to the spinal cord 
causes hyperalgesia and allodynia, and some studies have 
shown an association between induction of cyclooxygenase 
2, increased PG release and enhanced nociception. Also 
cyclooxygenase 2 is expressed in activated microglial cells 
and appears to be an important source of PGs during in- 
flammatory conditions [36-38]. Cyclooxygenase 2 in- 
hibitors act primarily in the dorsal horn to cause analgesia. 
Cyclooxygenase 2, which is expressed constitutively in the 
dorsal horn of spinal cord, up-regulates briefly after a 
trauma and therefore, facilitates transmission of the noci- 
ceptive input [13,39]. 

It has also been demonstrated that cyclooxygenase 2 
is dramatically up-regulated in infiltrating macrophages in 
injured nerve following partial sciatic nerve ligation (PSNL). 
The highest cyclooxygenase 2 expression, in terms of dis- 
tribution region and the number of cells expressing cyclo- 
oxygenase 2 was observed in injured sciatic nerve of CCI 
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rats. CCI results in a much wider injury region due to four 
loose ligatures. Thus, injured nerve of CCI rat likely pro- 
duces the greatest amount of PGs [40]. 

In our study, low dose of curcumin was not effective 
in reducing pain behavior, however, regarding to the pain 
duration, it seems that, different doses of curcumin could 
be effective in different models of chronic pain [7,9,10]. 
Therefore, considering that curcumin even with high dose 
do not exhibit toxic effects [10,11], in this research, higher 
dose of curcumin was used to control pain behavior. 

In this regard, we found that in animal treated with 
curcumin, serum cyclooxygenase 2 level was markedly 
declined. This finding could probably highlight the fact that 
curcumin can reduce pain by reducing the inflammatory 
effects of increased cyclooxygenase 2 in rats. A down reg- 
ulation of the expression of the NF-kB-regulated gene 
products such as cyclooxygenase 2, TNF, IL-1, IL— 6 and 
other molecules has been described in previous studies [41]. 
These findings suggest that curcumin treatment can play 
an important role in pain regulations at central and pe- 
ripheral levels [2-4,26]. 

In conclusion, curcumin could be an effective and a 
useful drug in treatment of inflammatory and chronic pain, 
in comparison to other synthetic analgesic agents. 
However, further investigation is needed to explore the 
new areas of therapeutic applications and the precise 
mechanism of action of curcumin in the neuropathic pain. 
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